
1. First, and most important,  these results refer to only one 
set of  conditions (e.g., protein concentrations, mixing 
regime, etc.). They are chosen for illustration only as it 
is well known that the technical performance of protein 
stabilizers does exhibit significant concentration effects. 

2. Table II indicates the descriptions conventionally 
applied to these proteins and illustrates that they do 
have very different intrinsic molecular characteristics as 
previously mentioned. 

3. Under the very schematic conditions outlined, we see an 
increase in technical performance depending upon 
whether the preparation regime was hot or cold. 

4. Under cold processing conditions, there also appears to 
be a difference in technical performance among the 
various ingredients. 
In Table III these technological observations have been 

combined with the molecular characteristics as they have 
been inferred from the best available N.M.R., or D.S.C. 
data. The author feels it appropriate to stress that the 
information in Table III is intended to be illustrative rather 
than definitive. 

Comparing the relative performance of the four proteins 
under cold preparation conditions, caseinate would seem 
(under the specific conditions used) to be the least effect- 
ive. All of the other proteins considered, however, appear 
to have significant emulsifying ability even under cold 
preparation conditions. When we look at the N.M.R. results 
shown in Table Ill, there does seem to be a possible correla- 
tion between the N.M.R. observable apolar residues and 
emulsifying ability. Thus the actual presence, and avail- 
ability of appropriate apolar residues would seem to be a 
necessary protein characteristic in the initial fat emulsifica- 
tion being discussed. This is further substantiated by the 
effectiveness of caseinate under hot preparation conditions, 
and the observation of a well developed apolar residue 
N.M.R. spectrum at higher temperatures. Blood albumen 
has some emulsifying ability under cold preparation con- 
ditions, but this ability is clearly enhanced under hot pre- 
paration conditions. The combined N.M.R., and D.S.C. 
results for albumen show that the availability-mobility of 
the apolar residues increase with temperature (N.M.R.), and 
that a molecular unfolding (denaturation) also occurs upon 
heating (D.S.C.). It is tempting to infer that increased 
emulsifying ability of albumen with temperature rise corre- 

lates directly with increased availability of apolar residues. 
The two soy ingredients differ in technical performance, 

but only soy ingredient " a "  appears to undergo a mole- 
cular unfolding giving rise to a D.S.C. transition. The 
technological results would seem to be consistent with 
the statement that ingredient " a "  undergoes a structural 
change upon heating allowing more apolar residues to 
become available. On the other hand, ingredient "b"  has 

- during manufacture - clearly undergone some process- 
ing step resulting in a loss of native structure -- hence, no 
D.S.C. transition is evident. However, the relatively modest 
indication of  mobile apolar amino acids as indicated by the 
N.M.R. results cautions us not to seek too simple a correla- 
tion in this highly complex product environment! 

Though detailed analysis of the kind of  information 
schematically presented in Table III could suggest that 
there is a correlation between the state of the protein and 
the availability of the apolar amino acids and its fat emulsi- 
fication ability, it is essential to bear in mind that many 
other factors (e.g., viscosity, geleation) are very likely to be 
involved in this situation. Furthermore,  as stressed pre- 
viously, the results are intended to be indicative of 
the types of information that it should now be 
possible to generate, rather than purporting to be the actual 
observations in those technological situations. However, 
combining the indications presented in Tables II and III 
should enable us to infer that in fat emulsification two pro- 
tein characteristics of major importance arc likely to be: 
a.) availability-distribution of polar-apolar residues both for 
solubility and amphipathicity; and b.) conformational flex- 
ibility at appropriate temperatures. 

It is not possible to give a meaningful answer to the 
question raised in the introduction. The purpose of this 
presentation was merely to indicate that techniques and 
approaches may now be becoming available to enable us 
to ask the question in a scientifically acceptable way, and 
to draw attention to the magnitude of our ignornance of 
the role of  processing in changing protein characteristics 
and particularly our ignorance of how protein character- 
istics really relate to product situations. It is suggested 
that considerable systematic work, possibly using tech- 
niques such as those briefly outlined in this presentation, 
and selecting very carefully defined model systems, could 
go some way towards rectifying this situation. 
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ABSTRACT 

Eight legumes were pin-milled and air-classified 
into protein (fine) and starch (coarse) fractions and 
their functional properties compared with those of 
soybean and lupine flours. The fine material which 
represented 22.5 to 29% of the original flours con- 
tained from 29 to 66% protein as well as a high 
proport ion of  the flour lipids and ash. The coarse 
material contained 51 to 68% starch and much of  the 
crude fiber which was dense and concentrated in the 
starch fraction. Generally legumes which showed 
highly efficient starch fractionation gave lower 
recoveries of protein in the fine material. High values 

for oil absorption, oil emulsification, whippability 
and foam stability were characteristic of the protein 
fractions, while starch fractions gave high water 
absorptions, peak and cold viscosities. Gelation 
occurred in both air-classified fractions. Pea and 
northern bean, chickpea and lima bean flours, and air- 
classified fractions gave generally higher values in the 
functional property tests, while fababean, field pea, 
mung bean and lentil gave high protein fractionation 
in the air classification process. 

INTRODUCTION 

Grain legumes are normally consumed as whole or split 
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TABLE I 

Composition of Legume Flours, Protein Fractions (PF) and Starch Fractions (SF) in Percent, Dry Basis 

Crude protein a Crude fat Crude fiber Ash Starch 

Flour PF SF Flour PF SF Flour PF SF Flour PF SF Flour PF SF 

Soybean 
Lupine 
Chickpea 
Pea bean 
Northern bean 
Fababean 
Field pea 
Lima bean 
Mung bean 
Lentil 

52.5 54.2 50.5 0.6 . . . . . .  2.6 . . . . . .  6.4 . . . . . .  4.7 . . . . .  
41.4 43.3 30.0 7.6 . . . . . .  3.0 . . . . . .  3.0 . . . . . .  3.5 . . . . . .  
19.5 28.9 15.3 7.4 10.8 5.8 3.3 1.9 3.1 3.0 3.9 2.6 50.0 30.3 57.3 
24.7 52.4 15.2 1.7 3.3 1.0 4.5 2.2 5.6 4.0 7.4 2.7 38.4 1.4 51.6 
24.0 53.5 15.6 1.7 3.9 1.3 4.5 2.1 5.4 4.0 7.8 2.9 40.3 1.4 51.5 
29.8 66.6 14.4 1.3 2.6 0.8 8.0 2.5 10.6 3.4 6.9 2.1 42.4 1.4 57.5 
25.3 61.3 14.5 1.1 2.6 0.7 7.0 2.2 7.8 2.7 5.4 2.1 45.9 2.1 60.0 
23.0 47.7 13.9 0.9 2.0 0.7 5.0 2.8 5.8 4.1 7.8 2.6 45.5 0.0 61.1 
26.5 60.4 12.3 0.9 2.2 0.6 3.9 2.1 5.1 3.4 6.8 1.9 50.0 6.1 67.7 
23.9 57.9 12.2 1.1 2.4 0.7 3.8 2.5 4.4 2.8 5.5 2.0 52.8 7.5 68.2 

a% N x 6.25. 

TABLE II 

Yield of Air-Classified Protein (Fine) and Starch (Coarse) Products and Efficiency 
of Protein and Starch Fractionation 

Product yield: % of total protein % of total starch 
Fine/Coarse Ratio in fine fraction in coarse fraction 

Soybean 72:28 74.1 --- 
Lupine 82:18 85.7 -- 
Chickpea 29:71 43.0 81.4 
Pea bean 26:74 55.2 99.4 
Northern bean 22.5:77.5 50.0 99.9 
Fababean 28:72 62.6 98.6 
Field pea 24:76 58.1 99.2 
Lima bean 27:73 56.0 98.0 
Mung bean 29:71 66.1 96.3 
Lentil 26:74 63.0 95.6 

legumes  wi th  on ly  a small  q u a n t i t y  be ing  p rocessed  i n to  
f lour.  As p r o t e i n  sources ,  m a n y  species have the  disadvan-  
tage o f  be ing  low in p r o t e i n  (1)  as well  as d isp laying  a wide 
range  in p r o t e i n  level due to  g rowing  c o n d i t i o n s  (2 ,3) .  
Many  grain legumes  con t a i n  a h igh  p r o p o r t i o n  of  s t a rch  (1) ,  
and  a c o m m e r c i a l  p r o c e d u r e  has  been  deve loped  for  separa-  
t ion  and  c o n c e n t r a t i o n  of  p r o t e i n  and  s t a rch  c o m p o n e n t s  
by  f ine gr inding  and  air  c lass i f ica t ion (3 ,4) .  Inves t iga t ions  
of  cereals have s h o w n  t h a t  p in-mi l led  f lours  c o n t a i n  a h igh  
p r o p o r t i o n  o f  l ight  p r o t e i n  par t ic les  whi le  the  dense  
ma te r i a l  is c o m p o s e d  p r imar i ly  of  s t a rch  (3) .  Wi th  field peas  
and  fababeans ,  the  e n r i c h m e n t  of  p r o t e i n  and  s ta rch  in the  
l ight  and  dense  c o m p o n e n t s ,  respec t ive ly ,  are m u c h  grea te r  
t han  in cereals (3,4) .  In  c o n t r a s t  to  wet  c o n c e n t r a t i o n  
m e t h o d s ,  the  dry  process  has  low capi ta l  and  l abo r  requi re-  
m e n t s ;  the re  is n o  cos t ly  e f f l uen t  disposal  r e q u i r e m e n t ;  
s a n i t a t i o n  p r o b l e m s  are min ima l ;  and  the re  are n o  by -  
p r o d u c t s  e x c e p t  poss ib ly  hulls .  

Objec t ives  of  the  p re sen t  inves t iga t ion  were  to  d e t e r m i n e  
the  e f f ic iency  of  p in-mi l l ing  and  air  c lass i f ica t ion for  con-  
c e n t r a t i o n  of  c o m p o n e n t s  in  the  c o m m o n  b e a n ,  ch ickpea ,  
l ima bean ,  m u n g  bean  and  lent i l  as well  as the  n o n s t a r c h y  
legumes,  lup ine  and  s o y b e a n .  In a d d i t i o n  the  e f fec t s  of  pro-  
t e in  and  s ta rch  c o n c e n t r a t i o n  on  the  f u n c t i o n a l  p r o p e r t i e s  
of  the  legume p r o d u c t s  were d e t e r m i n e d .  Fie ld  pea  and  
f a b a b e a n  were i nc luded  in the  s tudy  for  com pa r a t i ve  pur-  
poses. 

MATERIALS AND METHODS 

Seeds o f  s o y b e a n  (Glycine max), whi t e  lup ine  (Lupinus 
angustifolius), ch i ckpea  (Cicer arietinum), whi t e  pea  bean  
and  great  n o r t h e r n  bean  (Phaseolus vulgaris), small  faba-  
b e a n  (Vicia faba minor), field pea  (Pisum sativum arvense), 
b a b y  l ima  b e a n  (Phaseolus lunatus), m u n g  b e a n  (Vigna 
radiata) and  lent i l  (Lens culinaris) were  g r o w n  on  experi-  
m e n t a l  p lo t s  at  the  Univers i ty  of  Saska t chewan .  The  seeds 
of  s o y b e a n  and  lup ine  were  dehu l l ed  by  c rack ing  b e t w e e n  

co r ruga t ed  rolls,  fo l lowed  by  air  asp i ra t ion .  G r o u n d  seed 
of  s o y b e a n  was d e f a t t e d  w i t h  d i e t h y l  e t h e r  and  the  so lven t  
r e m o v e d  us ing  v a c u u m  at 40  C. All l egumes  i nc lud ing  the  
s o y b e a n  mea l  were p in-mi l led  to  less t h a n  3 2 5 - m e s h  (Ty le r )  
par t ic le  size in an Alp ine  Pin Mill m o d e l  250  CW. A b o u t  10 
kg o f  each  legume was f r a c t i o n a t e d  i n to  l ight  and  dense  par-  
t icles by  a single pass t h r o u g h  an Alp ine  Air  Classif ier  T y p e  
132 MP us ing  a cut  p o i n t  o f  ca. 800  m e s h  (15  kt d i a m e t e r )  
b e t w e e n  t he  l ight  and  dense  par t ic les  (4) .  

P r o x i m a t e  analyses  of  the  p r o d u c t s  were  c o n d u c t e d  b y  
the  AACC (5)  p r o c e d u r e s  for  m o i s t u r e  (a i r -oven  m e t h o d ) ,  
c rude  p r o t e i n  (mic ro -Kje ldah l  p r o c e d u r e ,  N x 6 .25) ,  c rude  
fat  ( m e t h o d  30-25) ,  c rude  f iber  ( m e t h o d  32 -15 )  and  ash 
(600  C, 3 hr) .  S t a r ch  c o n t e n t s  were  d e t e r m i n e d  b y  t he  
p o l a r i m e t r i c  m e t h o d  (5) .  

F u n c t i o n a l  p r o p e r t y  tes ts  were c o n d u c t e d  in  dup l i ca t e  
on  p r o d u c t  samples  ad jus ted  to  an  equa l  dry  we igh t  basis.  
The  pH a n d  w a t e r  and  fat  a b s o r p t i o n  capac i t ies  were  de ter -  
m i n e d  b y  the  p r o c e d u r e s  o f  L i n e t  al. (6) ,  whi le  oil emuls i -  
f i ca t ion  was c o n d u c t e d  by  a m o d i f i c a t i o n  (6)  o f  t he  Ink l aa r  
and  F o r t u i n  (7)  m e t h o d .  W h i p p a b i l i t y  and  f o a m  s tab i l i ty  
were  m e a s u r e d  on  3% (w/v)  slurries (6)  w i t h  colors  be ing  
r e c o r d e d  fo r  the  slurries and  foams .  

A B r a b e n d e r  v i s c o a m y l o g r a p h  was used  to  measu re  
v iscos i ty  du r ing  a h e a t i n g  and  coo l ing  cycle  a c c o r d i n g  to  
the  A A C C  (5)  m e t h o d  22-10  in w h i c h  t he  slurries were  
h e a t e d  f r o m  30 to  97.5  C to  d e t e r m i n e  peak  v i scos i ty  and ,  
a f t e r  h o l d i n g  at  97.5 C for  15 m i n ,  the  s lurr ies  were coo led  
at  1.5 C p e r  m i n  for  30  m i n  to  o b t a i n  the  cold  pas te  visco-  
si ty values.  Ge l a t i on  e x p e r i m e n t s  were  c o n d u c t e d  b y  hea t -  
ing 15% (w/v )  slurries in sealed s ta inless  s teel  c o n t a i n e r s  to  
90 C for  45  m i n  in a w a t e r  b a t h  (1) .  A f t e r  coo l ing  r ap id ly  
in an  ice b a t h  to  25 C, the  v o l u m e  of  p o u r a b l e  s lurry  was 
m e a s u r e d  to  d e t e r m i n e ,  b y  d i f f e rence ,  the  degree o f  gela- 
t ion .  

RESULTS AND DISCUSSION 
While  t he  p r o t e i n  c o n t e n t s  of  s o y b e a n  and  l u p i n e  f lours  
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TABLE III 

Functional  Properties o f  Legume Flours, Protein (PF) and Starch (SF) Fraction in 
Percent, Dry Basis 

pH Water absorption Oil absorption Oil emulsif ication 
Flour Flour PF SF Flour PF SF lrl'o ur PF ~F 

Soybean 6.6 129 -- -- 134 . . . .  99 . . . . . .  
Lupine 5.5 173 . . . . .  125 . . . .  90 . . . . . .  
Chickpea 6.3 75 69 78 78 85 67 94 92 79 
Pea bean 6.2 89 84 93 70 83 61 64 66 20 
Northern bean 6.3 122 144 113 73 85 66 92 98 5"/ 
Fababean 6.4 86 33 124 74 94 61 4"/ 77 24 
Field pea 6.4 80 72 103 72 94 61 48 48 20 
Lima bean 6.3 63 32 102 63 81 54 53 70 27 
Mung bean 6.3 72 41 92 65 90 49 64 64 22 
Lentil 6.3 85 95 93 66 92 51 56 58 50 

TABLE IV 

Whippability and Foam Stability of Legume Flours, Protein (PF) 
and Starch (SF) Fractions 

Initial foam volume, ml Final foam volume~ ml Color of product 
Flour PF SF Flour PF SF Slurry a Foam~ 

Soybean 960 . . . . .  805 . . . . . .  Tan White 
Lupine 57 . . . . . .  2 . . . . . .  Yellow Yellow 
Chickpea 7 25 5 0 0 0 Cream White 
Pea bean 747 970 415 610 760 322 Cream White 
Northern bean 615 1,055 367 492 800 285 Cream White 
Fababean 220 S00 117 162 395 95 Brown Brown 
Field pea 335 815 246 4 10 42 Cream White 
Lima bean 435 900 315 322 71 S 200 Cream White 
Mung bean 832 1,025 485 546 730 255 Green-Brown Tan 
Lentil 435 850 400 360 695 302 Tan Tan 

aAll protein fractions produced white foams. 

were 52.6 and  41.4%, respec t ive ly ,  the  grain legumes con-  
t a ined  19.5-29.8% p r o t e i n  (Tab le  I). The  to ta l  c o n t e n t s  of  
p r o t e i n  and  s ta rch ,  however ,  averaged over  76 .5% in m u n g  
bean  and  lent i l  f lours  wi th  pea  and  n o r t h e r n  bean  con t a in -  
ing less t han  65%. 

Air  c lass i f ica t ion of  the  p in-mi l led  s o y b e a n  and  lup ine  
f lours  gave only  slight e n r i c h m e n t  of  p r o t e i n  in the  l ight  
(PF)  ma te r i a l  wi th  m u c h  o f  the  p r o t e i n  r e m a i n i n g  in the  
dense  (SF)  mate r ia l  (Table  I). Since air c lass i f icat ion 
appea red  to be of  no  b e n e f i t  in re f in ing  these  legumes,  
on ly  the  f lours  were eva lua ted  for  t he i r  f u n c t i o n a l  p roper -  
ties. 

E x c e p t  for  ch ickpea ,  the  p r o t e i n  c o n t e n t s  of  the  l ight  
ma te r i a l  were increased  to  47 .7 -66 .6% while  the  dense com- 
p o n e n t s  c o n t a i n e d  on ly  12.2-15.6% p r o t e i n  (Tab le  I). 
S ta rch  sepa ra t ion  was very  e f f ic ien t  in m o s t  species,  t he  
p r o t e i n  f r ac t ions  c o n t a i n i n g  on ly  0 .0-7.5%, whi le  the  levels 
in the  s ta rch  f r ac t ions  ranged  f rom 51.5-68.2%. T he  signi- 
f i can t  q u a n t i t y  of  l ipid in ch i ckpea  f lour  appea red  to  in ter -  
fere w i th  the  air c lass i f ica t ion of  the  p in-mi l led  f lour ,  
a p p a r e n t l y  because  o f  the  t e n d e n c y  for  the  f lour  to  agglo- 
mera t e .  

O t h e r  cel lular  c o n s t i t u e n t s  were also f r a c t i o n a t e d  by  the  
air  c lass i f ica t ion process .  Most  of  t he  l ipid and  ash appea red  
w i t h  the  l ight  ma te r i a l  whi le  the  c rude  fiber,  p r imar i ly  hul ls  
(4) ,  segregated  w i t h  the  large, dense  s ta rch  par t ic les  (Table  
I). Vose  et  al. (4)  f o u n d  t h a t  field pea  and  f a b a b e a n  
s ta rch  f r ac t i ons  c o n t a i n e d  8-10% crude  f iber  f rom whole  

s e e d  mi l l ing  and  1% crude  f ibe r  f rom dehu l l ed  seeds. On 
t he  o t h e r  h a n d ,  t he  p r o t e i n  f r ac t ions  were  similar  in com- 
p o s i t i o n  w h e t h e r  or  n o t  the  seeds were dehu l l ed  be fo re  p in-  
mil l ing.  

E x c e p t  for  ch i ckpea  and  the  con t ro l s ,  t he  y ie lds  of  
p r o t e i n  f r ac t ion  var ied  b e t w e e n  22.5 and  29% of  t he  f lour  
weigh t  and  p r o t e i n  recover ies  r anged  f rom 50.0 to  66 .1% 
(Tab le  II). C o n c e n t r a t i o n  o f  s t a rch  in the  dense  ma te r i a l  
was  over  95% ef f ic ien t  in the  l a t t e r  f lours ,  a l t h o u g h  there  
was an inverse r e l a t ionsh ip  b e t w e e n  p r o t e i n  and  s ta rch  

recoveries .  Mung  bean  and  lent i l  showed  high p ro t e in  
recoveries ,  bu t  3-4% of  the  s ta rch  r e m a i n e d  in the  l ight 
mater ia l .  However ,  f ababean  gave a h igh yield of  l ight  
mate r ia l  and  h igh  recover ies  of  p r o t e i n  and  s ta rch .  

Vose  et  al. (4)  remi l led  the  field pea and  f ababean  s tarch  
f rac t ions ,  and  by  air  c lass i f icat ion recovered  add i t iona l  light 
mater ia l  c o n t a i n i n g  i n t e rmed ia t e  levels of  p ro t e in  and 
s tarch.  The  resu l t ing  dense ma te r i a l  c o n t a i n e d  over  70% 
s ta rch  wi th  less t h a n  5% p ro t e in .  However ,  s tarch  damage 
was f o u n d  to  be p r o p o r t i o n a l  to  the  n u m b e r  of  pin-mil l ings 
(8), and  since f u n c t i o n a l  tes ts  were to  be c o n d u c t e d  on  the  
p roduc t s ,  on ly  the  single pass p r o c e d u r e  was used in the  
present s tudy .  

The  pH value for  the  aqueous  d ispers ion  of  soybean  
f lour  (6 .6)  was s l ight ly h igher  t h a n  those  of  the  s ta rchy  
legumes (6.2-6.4) ,  b u t  lup ine  f lour  had  a more  acid pH of  
5.5 (Table  III).  The  p r o t e i n  and  s ta rch  f rac t ions  had  
essent ia l ly  the  same pH as the  original  f lours.  

A m o n g  the  f lours ,  soybean  and  lup ine  gave high values 
for  w a t e r  and oil a b s o r p t i o n ,  and  oil emuls i f i ca t ion  (Table  
III).  N o r t h e r n  bean  f lour ,  p ro t e in ,  and  s ta rch  were h igh 
in wa te r  a b s o r p t i o n  and  oil emuls i f i ca t ion ,  while  ch ickpea  
p r o d u c t s  showed  good  oil a b s o r p t i o n  and  emuls i f i ca t ion  
proper t i es .  Genera l ly ,  the  s ta rch  f rac t ions  showed  the  
s t ronges t  wa te r  abso rp t ions ,  while  the  p r o t e i n  f rac t ions  
were super io r  in  oil a b s o r p t i o n  and  emuls i f i ca t ion .  Differ-  
ences  in f u n c t i o n a l i t y  b e t w e e n  the  p r o t e i n  and s tarch  
f r ac t ions  were no t  large in ch i ckpea  and  lent i l  which  had  
e x h i b i t e d  p o o r  s ta rch  or  p r o t e i n  f r a c t i o n a t i o n .  

Lip ids  in lup ine  and  ch i ckpea  seriously reduced  the  
foaming  p rope r t i e s  o f  the  f lours  and  air-classified p roduc t s ,  
b u t  values  for  d e f a t t e d  soybean  f lour  were very  h igh (Table  
IV). Pea, n o r t h e r n ,  and  m u n g  b e a n  f lours  showed  in te rme-  
diate  foam vo lumes  and  s tab i l i ty  relat ive to soybean  flour.  
However ,  a p rev ious  inves t iga t ion  (1)  d e m o n s t r a t e d  tha t  
de f a t t ed  ch i ckpea  and  lup ine  f lours  have exce l l en t  foaming  
p roper t i e s  and,  p r e s u m a b l y ,  s o y b e a n  was favored  in the  
same way in the  p r e sen t  inves t iga t ion .  The  p ro t e in  f rac t ions  
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TABLE V 

Viscoamylograph Curve Data and Gelation Properties of Legume Flours, 
P r o t e i n  (PF) and Starch (SF) F r a c t i o n s  

Peak viscosity, B.U. Cold paste viscosity~ B.U. Degree of gelation, % 
Flour PF SF Flour PF SF Flour PF SF 

Soybean 
Lupine 
Chickpea 
Pea bean 
Northern bean 
Fababean 
Field pea 
Lima bean 
Mung bean 
Lentil 

6 0  . . . . .  6 0  . . . . .  0 . . . . . .  

6 0  - -  - -  1 8 0  . . . . . .  9 1  . . . . . .  

1 , 0 0 0  440 1,000 1,780 520 1,820 58 60 56 
660 140 1,000 780 260 1,520 85 100 82 
980 240 1,340 860 210 1,760 71 82 70 
460 60 700 1,020 150 2,260 74 92 59 
525 50 720 800 70 920 72 100 83 
980 120 1,040 1,100 260 2,000 76 79 80 
920 40 1,160 780 180 1,800 75 73 83 
640 80 980 840 260 2,400 77 95 53 

showed  s t ronge r  foam vo l um es  t h a n  the  f lours ,  and  on ly  
the  s tabi l i ty  of  the  field pea  p r o t e i n  was poor .  All  p r o t e i n  
f rac t ions  gave whi t e  foams,  bu t  the  or iginal  slurries 
e x h i b i t e d  a range  of  colors  f rom w h i t e  to  g r een -b rown .  

High peak  and  cold paste  viscosi t ies  in the  v i scoamylo-  
g raph  curves  were p r imar i ly  a p r o p e r t y  of  the  s ta rch  frac- 
t ions ,  and  very  low values  were o b t a i n e d  for  s o y b e a n  and  
lupine  f lours  as well  as m o s t  p r o t e i n  c o n c e n t r a t e s  (Table  
V). I n t e r m e d i a t e  peak  v iscos i ty  values  c o m b i n e d  w i th  h igh  
cold paste  v iscos i ty  were charac te r i s t i c  of  f a b a b e a n  and  
lent i l  s t a rch  f rac t ions .  I n t e r m e d i a t e  peak  and  cold 
viscosit ies were observed  for  field pea s ta rch ,  whi le  relat ive-  
ly h igh values for  b o t h  p a r a m e t e r s  were o b t a i n e d  for  n o r t h -  
ern  bean  s tarch .  

Lup ine  f lour  showed  good  ge la t ion  p roper t i e s ,  while  the  
soybean  f lour  deve loped  i n to  a th ick  p o u r a b l e  s lurry  dur ing  
the  hea t ing  and  cool ing  e x p e r i m e n t  (Table  V).  Genera l ly ,  
t he  p ro t e in  f r ac t ions  t e n d e d  to  gel more  c o m p l e t e l y  t h a n  
the  s ta rch  f rac t ions ,  b u t  h igh values were o b t a i n e d  in b o t h  
c o m p o n e n t s .  Pea bean  and  field pea  p r o t e i n s  gelled com- 
p le te ly  while  lent i l  and  f a b a b e a n  p r o t e i n s  also gave h igh  
values. 

P resen t  da ta  s h o w e d  tha t  a p o r t i o n  of  t he  va r i a t i on  in 
func t iona l  p rope r t i e s  a m o n g  legume f lours  can be ascr ibed  
to the  ra t io  of  p r o t e i n  to  s t a rch ,  and  o t h e r  c o n s t i t u e n t s  
such as lipids, in the  or iginal  f lour .  In a d d i t i o n ,  the  indivi-  
dual  p ro t e in  and  s t a rch  f rac t ions ,  even in the  c rude  fo rm 
o b t a i n e d  by  air c lass i f icat ion,  e x h i b i t e d  a wide  range in 
p h y s i o c h e m i c a l  charac ter i s t ics .  These  air-classified 

p roduc t s ,  poss ib ly  wi th  f u t u r e  re f in ing  of  the  s t a rch  frac- 
t ion ,  cou ld  serve to e x p a n d  the  range  of  f u n c t i o n a l  raw 
mate r ia l s  avai lable  to  the  food  and  r e l a t e d ' i n d u s t r i e s .  In 
general ,  f ood  and  indus t r i a l  p rocesso r s  requ i re  i ng red i en t s  
wi th  weak,  i n t e r m e d i a t e  or  s t rong  f u n c t i o n a l  p rope r t i e s ,  
d e p e n d i n g  on  the  end-use .  T h e r e f o r e ,  i t  is n o t  a p p r o p r i a t e  
to  des ignate  a p a r t i c u l a r  air-classif ied f r ac t i on  as be ing  
super io r  to  a n o t h e r .  However ,  i t  can be c o n c l u d e d  t h a t  pea  
and  n o r t h e r n  bean ,  c h i c k p e a  and  l ima  bean  f lours ,  and  air- 
classified f r a c t i o n s  gave genera l ly  h ighe r  values  in the  func-  
t iona l  p r o p e r t y  t es t s  whi le  f a b a b e a n ,  field pea ,  m u n g  b e a n  
and  lent i l  gave h igh  p r o t e i n  f r a c t i o n a t i o n  in the  airJclassi - 
f i ca t ion  process .  
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ABSTRACT 

Large a m o u n t s  o f  p o t a t o  p r o t e i n  are avai lable 
f rom p o t a t o  p rocess ing  p lan ts .  N u t r i t i o n a l l y  the  
a m i n o  acid c o m p o s i t i o n  is good,  b u t  the  so lub i l i ty  
o f  p r o t e i n s  recovered  n o r m a l l y  by  hea t  coagu la t i on  
needs  to  be increased .  One  way to  do th i s  is by  
e n z y m a t i c  hydro lys i s .  B i t t e rness  is t h e r e b y  deve loped  
and  th is  is discussed in r e l a t i on  to  the  Q value  thesis .  

In p o t a t o  s ta rch  p r o d u c t i o n ,  large a m o u n t s  o f  p o t a t o  
p r o t e i n  b e c o m e  avai lable as b y - p r o d u c t  and  at  t he  m o m e n t  
are m o s t l y  used  on ly  for  an ima l  feed.  

The re  are several d i f f e ren t  ways  of  o b t a i n i n g  the  p r o t e i n  
f rom the  process ing  l iquor ,  t he  m o s t  e c o n o m i c  be ing  hea t  
coagu la t ion  (1) .  F o r  app l i ca t i on  in foods tu f f s ,  t he  so lub i l i ty  

o f  t he  p r o t e i n  has  to  be  increased ,  and  e n z y m a t i c  h y d r o l y -  
sis seems to  p rov ide  a good  m e t h o d  o f  do ing  this .  F r o m  a 
n u t r i t i o n a l  s t a n d p o i n t ,  p o t a t o  p r o t e i n  has  a ve ry  good  
a m i n o  acid c o m p o s i t i o n  and  also has  a h igh  p r o p o r t i o n  o f  
h y d r o p h o b i c  a m i n o  acids. 

As p rev ious ly  desc r ibed  (2) ,  t h e  b i t t e r n e s s  o f  a p e p t i d e  
is caused by  the  h y d r o p h o b i c i t y  o f  i ts  a m i n o  acid res idues.  
The  m e a n  h y d r o p h o b i c i t y  Q is o b t a i n e d  b y  s u m m i n g  the  
h y d r o p h o b i c i t i e s  o f  the  d i f f e r en t  a m i n o  acid res idues  o f  a 
pep t i de  and  d iv id ing  b y  t he  t o t a l  n u m b e r  o f  t he  res idues ,  
t hus  Q =A_Afff Pep t ides  w i t h  Q-values above  1 ,400 are b i t t e r ,  
whereas  p e p t i d e s  w i t h  Q-values be low 1 ,300 are n o t  b i t t e r  
(2-4) .  As an  e x a m p l e :  t h e  d i p e p t i d e  G l u t a m y l - l y s i n e  has  a 
Q-value of  5s0 ~ 1,500 = 1,025 and  is n o t  b i t t e r ,  550  be ing  

the  h y d r o p h o b i c i t y  i n c r e m e n t  for  G l u t a m i c  acid a n d  1 ,500  
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